The wound-healing assay is commonly and widely used for investigating collective cell migration under various physical and chemical stimuli. Substrate-coating materials are shown to affect the wound-healing process in a cell-type dependent manner. However, experiment-to-experiment variations make it difficult to compare results from different assays. In this paper, a modified barrier wound-healing assay was reported for studying the wound-healing process on different substrates in one single petri dish. In short, half of a dish was covered with the tape, and coating materials, poly-l-lysine and gelatin, were applied to the surface. After peeling off the tape, half of the surface was coated with the desired material. Then a customized barrier was placed inside the dish to create the wound. The results indicated that surface coating did not affect cell proliferation/viability, and the wound-healing rate increased in coated surfaces compared to uncoated ones. The present study provides a platform for further understanding the mechanisms of substrate coating-dependent wound-healing processes.
Brilliant Blue (Bionovas, Toronto, ON, Canada) was diluted into a concentration of 2.5 g/L (in 0.1 L acetic acid, 0.3 L methanol, and 0.6 L ultrapure water) for verifying the presence of gelatin and poly-L-lysine.
Cell Viability Assay
The proliferation and viability of fibroblasts were quantified using the MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay (Sigma). This yellow tetrazolium salt was transformed into purple formazan crystal by live cells. Fibroblasts were passaged to a 12-well plate divided into three groups: Control (uncoated), PLL (coated with 0.1 μg/mL poly-L-lysine), and Gelatin (coated with 0.1% gelatin). After 24 h, 400 μL of MTT solution (0.5 mg/ml in DMEM) was added to each well for incubation at 37 °C for 2 h. Then 400 μL of solubilization solution, dimethyl sulfoxide (DMSO), was added to the wells for 5 min incubation. The absorbance was measured using an ELISA (enzyme-linked immunosorbent assay) plate reader (Tecan, Männedorf, Switzerland) at 570 nm. Two independent experiments were performed on separate plates.
Fabrication of Barrier
The I-shaped barrier was made of polydimethylsiloxane (PDMS, Dow Corning Sylgard 184, Midland, MI, USA). First, a negative polymethylmethacrylate (PMMA) mold was fabricated using a CO2 laser scriber (MS640D, Ming-Cheng Technics Corp., Nantou, Taiwan). A number of these molds were put inside a petri dish (diameter = 10 cm, SPL Life Sciences, Gyeonggi-do, Korea), and the PDMS solution (1/10, w/w curing agent to prepolymer) was poured into the dish to cover the molds. The molds were put under vacuum (~60 Torr) for 30 min and then baked at 50 °C for 4 h and then left under sterile conditions overnight. The I-shaped PDMS barriers were cut off and removed from the dish in preparation for use in experiments (see Figure 1 ). 
Experimental Procedure
The experimental procedure is illustrated in Figure 2 and described as follows. First, half of a petri dish (diameter = 3.5 cm, TrueLine, Rochester, NY, USA) was blocked with the tape (thickness = 60 μm, 8018, 3 M) (Figure 2a ). The solution, washing buffer (PBS, for Control, Sigma, St. Louis, MO, USA), 0.1% gelatin, or 0.1 μg/mL poly-L-lysine, was poured into the dish (Figure 2b ). After 30 min, the solution was removed, and the dish was washed with PBS a few times and then dried ( Figure  2c ). The tape was removed ( Figure 2d ) and cell medium (DMEM + 10% CS) was poured into the dish (Figure 2e ). The I-shaped barrier was placed in the middle of the dish (Figure 2f ) and then 2.5 × 10 5 cells were seeded inside (Figure 2g ). After a cell monolayer was grown (Figure 2h ), the barrier was removed (Figure 2i ). Figure 2j shows the top view of the dish, where the upper part was coated (blue), and the lower part was uncoated (white). 
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Data Analysis
The wound-healing process was recorded using a bright-field inverted microscope (ESPA, Hsinchu, Taiwan). Seven images (see Figure 3a ) were taken at 0, 12, 24, 36, and 48 h after removing the barrier. They were further analyzed using ImageJ, which is a free Java-based software developed by the National Institutes of Health (Version 1.50c, NIH, Bethesda, MD, USA). As shown in Figure 3b , this software was used to draw the boundaries of the wound at different time points. The area enclosed by these boundaries could be calculated. And the wound-healing rate is calculated as ( − ) × 100%, where Ri and Rf are the initial and final areas of the wound, respectively. For each condition, three independent runs were performed. Therefore, there were a total of nine (three images in each of three runs) data points to be analyzed to get the standard error of the mean (SEM). 
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Verifying the Presence of Coating Materials
Coomassie Brilliant Blue is commonly and widely used for staining proteins. After blocking half of the petri dishes with the tapes (see Figure 4a ), solutions of PBS (C, for control), poly-lysine (P), and gelatin (G) were added into the dishes. Then solutions were removed, the dishes were washed with PBS, and the tapes were removed. Stained with Coomassie Brilliant Blue for 30 min and washed with ultrapure water a few times, the dishes were photographed and are shown in Figure 4b-d . As clearly seen, surfaces coated with poly-l-lysine (Figure 4c left, marked with a circle) and gelatin (Figure 4d left, marked with a circle) were much bluer than those that were uncoated ( Figure 4b-d right, marked with crosses) and coated with PBS ( Figure 4b left, marked with a circle). Therefore, it was verified that poly-l-lysine and gelatin were successfully coated on the surfaces. The concentrations used here were recommended by the manufacturer for surface modification. Different dilutions were also tried, but no better results were obtained (data not shown).
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Cell Morphology and Proliferation/Viability
Dependence of Substrate-Coating Materials on the Wound-Healing Process
The wound-healing process was followed by taking time-lapse images at 0, 12, 24, 36, and 48 h after removing the barrier. Figure 6 shows a representative image taken in the boundary between gelatin-coated and uncoated surfaces. The width of the wound was around 1.5 mm, equal to that of the I-shaped barrier. After 48 h, the wound in the coated surface was nearly closed compared to that in the uncoated surface. Figure 7 shows the images of the wounds at different time points. As obviously indicated, cells migrated faster on poly-L-lysine- (Figure 7b Figure  7a -c) Non-coated). There were two types of control conditions. In one, half of the dish was blocked, meaning that this part was uncoated. In the other, PBS was used as the coating material, suggesting that the entire dish was uncoated. Comparing the coated and non-coated images in Figure 7a , it was implied that the residues after removing the tapes (if there were any) did not affect the wound-healing process. Quantitatively, the wounding areas at different time points were measured and the corresponding wound-healing rates were calculated and shown in Figure 8a . Student's t-tests were performed on all time points. Both gelatin-and poly-L-lysine-coated surfaces accelerated the wound-healing processes compared with uncoated ones. For gelatin, the healing rates were 74%, 53%, 30%, and 13% at 48 h, 36 h, 24 h, and 12 h, respectively. These values were 89%, 60%, 57%, and 32% higher than those of uncoated surfaces. As shown in Figure 8b , the p-value between gelatin-coated and uncoated groups at 48 h was less than 0.0001. For poly-L-lysine, the healing rates were 58%, 40%, 24%, and 11% at 48 h, 36 h, 24 h, and 12 h, respectively. Similarly, these values were 49%, 54%, 60%, and 57% higher than those of uncoated surfaces. As shown in Figure 8c , the p-value between poly-L-lysine-coated and uncoated groups at 48 h was less than 0.001. In the control (PBS) group, the healing rates in the PBS-coated surface were close to those in the uncoated surface, with errors of 0.24%, 1.7%, 3%, and 10% at 48 h, 36 h, 24 h, and 12 h, respectively. The p-value between these two groups indicated no statistically significant difference as shown in Figure 8d . This again verified that the tape did not affect the wound-healing rate.
Gelatin, an irreversibly hydrolyzed form of collagen, is widely used as a coating material in cell culture for improving cell attachment [32] . It was reported that smooth muscle cells migrated faster on the gelatin-coated surface than on the uncoated polystyrene surface [33] . An increase of 63% in the migration rate from 24 to 48 h was observed in a barrier wound-healing assay [33] . 
The wound-healing process was followed by taking time-lapse images at 0, 12, 24, 36, and 48 h after removing the barrier. Figure 6 shows a representative image taken in the boundary between gelatin-coated and uncoated surfaces. The width of the wound was around 1.5 mm, equal to that of the I-shaped barrier. After 48 h, the wound in the coated surface was nearly closed compared to that in the uncoated surface. Figure 7 shows the images of the wounds at different time points. As obviously indicated, cells migrated faster on poly-l-lysine- (Figure 7b (Figure 7a -c) Non-coated). There were two types of control conditions. In one, half of the dish was blocked, meaning that this part was uncoated. In the other, PBS was used as the coating material, suggesting that the entire dish was uncoated. Comparing the coated and non-coated images in Figure 7a , it was implied that the residues after removing the tapes (if there were any) did not affect the wound-healing process. Quantitatively, the wounding areas at different time points were measured and the corresponding wound-healing rates were calculated and shown in Figure 8a . Student's t-tests were performed on all time points. Both gelatin-and poly-l-lysine-coated surfaces accelerated the wound-healing processes compared with uncoated ones. For gelatin, the healing rates were 74%, 53%, 30%, and 13% at 48 h, 36 h, 24 h, and 12 h, respectively. These values were 89%, 60%, 57%, and 32% higher than those of uncoated surfaces. As shown in Figure 8b , the p-value between gelatin-coated and uncoated groups at 48 h was less than 0.0001. For poly-l-lysine, the healing rates were 58%, 40%, 24%, and 11% at 48 h, 36 h, 24 h, and 12 h, respectively. Similarly, these values were 49%, 54%, 60%, and 57% higher than those of uncoated surfaces. As shown in Figure 8c , the p-value between poly-l-lysine-coated and uncoated groups at 48 h was less than 0.001. In the control (PBS) group, the healing rates in the PBS-coated surface were close to those in the uncoated surface, with errors of 0.24%, 1.7%, 3%, and 10% at 48 h, 36 h, 24 h, and 12 h, respectively. The p-value between these two groups indicated no statistically significant difference as shown in Figure 8d . This again verified that the tape did not affect the wound-healing rate.
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Conclusions
In this study, we reported a modified barrier assay for studying the effects of substrate-coating materials on the wound-healing process. The migration of fibroblasts on both coated and uncoated surfaces was followed simultaneously in one single petri dish. This greatly eliminated the experimental run-to-run variations. The results indicated that (1) both poly-l-lysine and gelatin coatings had almost no effects on cell proliferation and viability, and (2) compared to the uncoated one, cells migrated faster on coated surfaces by showing increased wound-healing rates. We will be working on investigating the effects of other coating materials such as collagen, fibronectin, laminin, and poly-l-ornithine. The present platform is of help in further understanding the mechanisms of substrate coating-dependent wound-healing processes.
